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ABSTRACT

I Acceptable RVIZ substrates have been receivetd Irom American Lava,

Pre-pre -production tests and subsequent results obtained with unhoused

elements show that moisture resistance can be improved with a thbn film

coating or a slight revision n termination mtater~al. Mo:sture failures

I appear to be greatly reduced by running the test without housings; in-

I dicating that moisture entrapment in the housings has been a major

hindrance to good performance.

Manicuring of facilities continues as required.

An improved methQd of applying the slver shorting path for "C" tapers.

which involves spraying through a mask .n place of the silk screening

method now used. has been developed.
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SBACKGROU'ND

i The purpose of this contract :s to develop, des:gn. procure. ;nstall

I and manicure manufacturing facilities to produce varlable film-type

resistors capable of satisfying Mi'L..R 94B (as modifvPAd :n accordance

I with Contract No. DA-36 .039-SC-759810 whose major characterzstcs

include 125°C ambient temperature.. 100. 000 cycle operation at ambient

with rated load, and improved env-ronment.-.1 stab".lty.

In a Technical Action Request dalt-d Ju.ly 18 1959 _RC proposed changes

Sin the applicable components specif'Lat.ons. Subst:qLuntly with one ex.-

ception, the requested changes were approved, TIhe exception involved

rotational life character;stics and th4e poss.b.l:ty of future approval was

made contingent upon the. subm.ss'on by *RC of further technical infor-

mation. The most signif.cant change .nvoivtd no* s, ievel bt.fort. and after

rotation. This ENR level must (lI not exceed 10 of total resistance or 5

ohms (whichever is greater), (2) nor may it exceed 57c of total resistance

or 25 ohms (wh'chvver -s greater). afttr 100 000 cycle operation, full

rated load at 125 'C or de.rated load at 150 'C.

-4.
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III I

As a result of the signing of an operatlon agreement between ZRC and

Chicago Telephone Supply ServIce of Elkhart. -;nd:ana, `r was decided

• 1 that IRC and CTS would submit a proposal to the USASSA allowing

establishment of facilities at CTS.I
The development program to date has been directed toward the establish-.

ment of a system (substrate, film and contact) wh'ch s capable of meet-

ing the contract requirements. After considerabl.i effort: this system has

been incorporated into a potentiomctter design.

Carbon alloy, metal. and glaze films have been tested on ceramic sub.-

strates using molded carbons. precious metals and carbongraphite wiper

materials. While both metal film and res'stive glaze. elements showed some

promise, the performance Ievels were not as high as those observed for

carbon alloy.

After considerable d'fficulty experienced by Coors Porcelain Company

in making substrates in the designed configurat'on, another vendor

(American Lava) has tooled to produce 96% alum-na substrates for both

"the RV11 and RVT2 potentimmeters. The surface f~nish requirement of these

5.-
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substrates has been ostabl:shed at L5 m.cro~nches, and carbon alloy has

been selected for depos't;on on the substratos. A s:ngle grade of carbon

(Pure Carbon Co. E-27) will be used as the wiper on all resistance ranges

from 100 ohms through 1, 000:000 ohms.

"The method of adjusting resistance tolurancu: as reported ;n Quarterly

SReport #7, on production elements s ope.rat~onal. The screen~ng of a

pattern of conductivte material to produce nonl:nvar taper has been proved

fea sible.I
Temperature coefficient curves ,nd.cate that for 1;nuar elemnts, 750 PPM

I can be maintained for resstance of 100 000 ohms and less. At 20?0,000 ohms,

750 PPM becomes marg~nal and 1500 PPM .s exc•eded for all values of

400, 000 ohms and greater. Tump,•ratur,- co,.ff.c.e.nt on "C" tapered elements

will correspond to those values observed on i:nflar elements which are

approximately doublu the re:sistance range of the tapered element.

An improved termination of VZA conductive paint w~th a VLS carbon ink

overlay provides moisture resistanc. sup,:rior to that of VZA alone. How-

ever, moisture tests of housed eletments have shown a high failure rate,

indicating that the sealed hous;ng has a deleterious effect.

-6IL
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L i PRODUCT ENGiNEER:NG

A. Substrates

Deliveries of 1500 RVIZ substrates have been received from

American Lava. Dmens:ons art acceptable with the follow-

ing deviations noted "I thy: .968 * .005 out side diameter is

unders:zed on most p:ect.s. mnasuf.ng .956 to .959; 211 the

inner wall in the terminal slot area has bet-n madu thicker

by add:t'on of a rad~al contotr. wh(r,..as. the drawing specifies

two chords of the ;ns:de d:ametvr. D,,v.at:on IJ* has been

accepted after check:ng w:lh CTIS to conf:rm that the sub-

strate can be ci.ncht-d .n the ci;nch.ng r:ng; 2) :s a minor de-

viation having no effect on processing or assembl:ng the element.

A small lot (27 ' of RV substrates w,,re rejocted. and re-

turned to vendor, for h:gh surface roughess. A sample of

six pieces averaged 19.4 m'Acro'nch RMS with a span of 18 to

22 microinch.

7
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I
B. Testing

SThe pre-.pre--product.on tusts, riupre:s.x-l 2ng the fCrst data obtained

Swith the carbon alloy elements asscmbic:d :n housings, have been

completed. Most of thte data was reported in Quarterly Report

#13. The completed data summar:.es art- prv.sent".d here (Tables'

11 through V.t. As prevously noted, Woad !:fu and rotat onal lfe

changes were greater than the. sp..cAf't.d *55j LR, Sornfm of tht. larger

load-life changes were-! attributt.d to substrato.. and tt-,rmrinat;on defects.

Process changes have b•en made to corrtict thest.- cond:t'ons. Because

one lot each of RVII and RVI2 unats was found to have been improperly

mounted on hteat s'nks dLr.ng thv- load i.fe test. th,.: tl.st was repeated

(test lots No. 14200 and 14201 .n Tabbe.." w'th potent.omnters assembled

at the same tme as those prtv.ously tt.ste.d. 'Ihe resistancc: changes

were again high. D~sasse.mbly of the un.ts hav~ng the greatest changes

showed that the term'nat-ons were! tb.n and ncomplet,-. as was noted

before.

8..
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6

Another defect v.s'ble in the RVI2 pots '-s an :nadequate crimping of

i the clinching ring which prevents prope-r seating of the substrate

against the ring. This decreases the heat conduction to the housing

causing excessive film temperature. CTS wlll be advised of the

situation so that corrections can be made before pre-product'on.

I The major problem which showed up in pre. pre production tost'ng

was poor performance in the moisture resistance test.

I Data obtained in the Jast quarter (Quarterly Progress Report #13)

indicated that a carbon :nk over lay cove r ng the VZA termination

would improve mo.sture rt.sislanc:. A lot of Ih RVI I potentiometers

Swere assembled with the improvied terminaton. All open'ngs in the

housing were sealed w.th epoxy; and .n four assemblies, the opening

between the shaft and bush~ng was also sealed. The latter operation

prevents rotation of the shaft. but was used in this instance to de-

termine whether or not an improved shaft sital is necessary. Half

of the pots were subm:tttd to the MLL .R.94B mo:sttrc- resistance test

at .RC; and half at CTS,

II
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All of the un-its whlch had been sealed around the shall and 4 of the 8

other units, wt:re "oprn" aftnr 10 mo'stLr, cvcles. LSee: Table )

In an effort to .mprove moistur, reslstance of the element "tself. 10

1J groups of unhoused elements wt.re prepared and submitted to the

moisture test. Thes,. groups used var;7os protective coat:ngs and

I termination modU:cat.'ons, as shown n 'labiv V:. 'Th.s table also

summarizes the test results aftl.r 10 mo.sture cyclvs. Group n•rnbers

4, 5, 8, 9, and 10 had no faah.res. 7h-rtt wtere no "opens" :n any

group, including group 6 wh:ch was tirrnatt.d .n th same manner

as were the assembled pots oI Iable , Mo.stri cycl.ng of the un-

housed elements is continu.ng .n ordvr to de:termnn; the best system.

t is apparent from the f:nd.ngs io date thai th,: s,:aied housing :s a

detriment to good mo.stur(: resistanc,.. 'n fhtvr,, assembl:et:s, the hous-

ing will be left comphetd:Iy uns(.alhd to allow ,:ntrapped moisture. to

escape.
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II. PRE-PRODUCTUON

Production of elernrints was stopped pe.nd:ng evaluat:on and solution

of the moisture problem. Manufacture of pre...production elements

will be started, using the rev'sed terminat:on and/or coating indicat-

ed by the tests in i B, above.

"C" taper shorting patterns have bteen successfully screened. Be...

cause of the fine resolution requi.red n the RVII pattern, the consist..

ency of the VZA is critical. and the scruen must bt- cleaned frequently.

IIl. FACILITIES

A. Element

The element facility changes dur.ng the past. quarter consisted of

some minor manmcuriing of the equ-pmvnt and the deve.lopmeint of

an improved technique for applying the taper shorting path.

The screening set -up for tapers was brought to the point where

the taper pattern could be screened on the elements consistently.

As pointed out above., the screen:ng material v:scos:ty is crit~cal,

however, the system is workable.

,.I



An alternative method of apply:ng the same pattt;•rn was di:vrlop..

ed. .'t was dumonstrattd that a nu sk cotid b,. made= by the photo-

etch process which rutamd sharp d,.E'n:t~on. The slvzr was

sprayed-through th~s mask and the. r,,sLlting pa.tt,,rn was accept-

able. The optiraton :s l,:ss cr:t:cil than scr(,,;.n'ng so thIs

method will be tooled

A checking fixtur,) for r,,ad.ng r,.:sstanc,, .t tht. mid rotation

point of the elements was mad,.

Also, an improved contactor of PR.i:-n,.y q7 Alloy was mad,.! to

monitor the res:stanct, of an ,.lem,.nt wK;.t-: adjtsting it on the

machine.

B. Housing

No changes to report.

-12
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CONCLUSIONS

S. Acceptable substrates can bt- produced for both the RV.. and RV12

sizes.

Z. Moisture results obtained with unhoLsed elements are superior to

data obtained with assembled, epoxy..sealed potent ometers.

3. Definition and ease of apphcation of the "C" taper pattern are im-

proved by the use of a photo .etched mask and spray in place of the

silk screening process.

-I
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PROGRAM FOR NEXT QUARTER

1. The moisture tests on unhoused elements ivill be contInued to deter-

mine which termination and/or coatsng prov:des the most protection.

2. Pre-product~iux of elearicnts wv'll bc begun ;s:ng the *nd'cattd new

termination.

- 14-
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PERSONNEl,

Engineering Hou•r s

J. Woods L36 .0
M. Steidlitz 58.5

Mechanical, Chemical. Electrical Dveioprmn-nt

F. Surou-iec 21.0
E. Dietrich 15.0
E. Altorfer 2.0
W, Gold 20.0

Technicians

B. Kelly 157.5
0. Leidic 66.5
A. Graft 40.0
G. Williams 40.0
D. Terry 1 6. 5
E. Greenleaf 76.0
T. Arline 40,0

Test Section 124 7

Total -RC 9 3 7
Total CTS 44.0

TOTAL 977.7
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TABLE I

Moisture resistance tests of 325Kg RV;: potentiometers (combined IRC

and CTS results).

SR (spvec: *5 ...)

No. Unit s Max Min. Av.. Fail Remarks

8 +4.6 -+0.81 +2.05 4/8 Units epoxy
(ave. of (4 "open") sealed on back

4) of element and
between case

and bushing

4 ALL UNiTS "OPEN" 4/4 Units sealed
as above, plus

epoxy seal
around shaft.

Note: All units passed 500 V AC dielectric strength; 1/12 failed insulation

resistance: 40 MQ (spec. 100 M -mnnirnum).

17-
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